Background: To identify whether first-degree relatives (FDRs) of gastric cancer (GC) patients have increased risk for atrophic gastritis (AG) and intestinal metaplasia (IM) in relation to other risk factors of GC. Methods: The study cohort consisted of 224 pairs of age-sex matched controls and FDRs. AG and IM in the gastric mucosa were scored histologically using the updated Sydney classification. Risk of having AG and IM was studied by comparing FDRs to controls. Impacts of age, H. pylori infection, smoking, dietary and socioeconomic factors on the presence of AG and IM were studied.
INTRODUCTION
Classically, gastric cancer (GC) is thought to develop because of ongoing mucosal stress by dietary carcinogen.
Preserved foods in ways of drying, smoking, and salting, which were all usual methods of preserving food from the ancient time, are abundant in nitrate compounds. These nitrate compounds convert to carcinogenic nitrites in the stomach by gastric bacteria such as H. pylori. Modern development of better preservation and refrigeration contributed to reduce such nitrate rich and ultimately carcinogenic diet, thereby reducing the incidence of GC. In addition, infection of H. pylori, which was classified as a carcinogen in 1994 by the International Agency for Research on Cancer, 1 and shown to cause GC in 3% of infected patients compared to none of the uninfected, 2 has been decreasing with the effort on eradication treatment.
Thanks to fore-mentioned changes on GC dynamics, the incidence of GC is on the gradual decrease. However, despite the global trend of decreasing incidence of GC, it is still a burdensome disease, ranking third place as a cause of cancer-related mortality worldwide. 3 Moreover GC is the 2nd most prevalent cancer in Korea marking as the most and the 4th most prevalent cancer in male and female respectively. GC incidence rate was 68. 4 11 Recently, we demonstrated that atrophy regressed in the body and even severe cases of IM showed improvement after H. pylori eradication. 12 The important point is that in all of the studies mentioned, there were no regression of IM in the eradicated individuals, implicating that IM is considered to be the "point of no return", even though H. pylori eradication can help to slow down the carcinogenic process.
In secondary prevention of GC, it is important to screen individuals with high risk of developing GC and let them be checked for premalignant and malignant lesions more frequently. Risk factors of developing premalignant lesions such as AG and IM are thought to be identical to those of GC. Among the risk factors, family history of GC 13 and H.
pylori infection are most important. Thus, recent studies showed that the first degree relatives (FDRs) of GC and the H. pylori-infected individuals have increased risk of IM. 14, 15 However, most of these studies have not been stratified according to age and sex. Since age and sex are both independent risk factors of GC, it is necessary to match the population by age and sex to get a thorough comparison by reducing confounding effects of age and sex. Therefore, this study was aimed to find out how much family history of GC as well as sex and age factors contribute to the incidence of AG and IM through age-sex matched population study. Furthermore, this study looked into the relevance of H. pylori infection and environmental factors to AG and IM.
MATERIALS AND METHODS
Subjects
This study is a case-control study, utilizing the data which had been collected prospectively for previous studies. 12, 16 Collected data and medical records of healthy subjects who visited Seoul National University Bundang Hospital were matched for age and sex. For age matching, controls within±2 years of age difference were selected. In this process, some FDRs and controls were inevitably discarded.
The selection process was random. Finally, 68 male and 156 female pairs for both FDRs and controls were matched.
Afterward, the selected males were matched with females by age in the same fashion making 67 male and female double pairs of subjects for FDRs and controls.
All subjects had already provided detailed information on their family history of GC and answered to a questionnaire under the supervision of a well-trained interviewer. The questionnaire included questions regarding demographic (age, sex, and residency during childhood), socioeconomic (smoking, current income and school education), and dietary (salty and spicy food diet) data. The study protocol was approved by the Ethics Committee at Seoul National University Bundang Hospital. 
Histological evaluation
Via gastric endoscopy, 10 biopsy specimens were obtained. Two biopsy specimens were taken from the greater curvature of both the mid antrum and mid body of the stomach, and three from both the lesser curvature of the antrum and body. Among the 10 specimens, one from the antrum and one from the body were fixed in formalin, stained with hematoxylin and eosin, and used for histological evaluation. They were assessed for the degree of inflammatory cell infiltration, AG and IM. The histological features of the gastric mucosa were recorded using the updated Sydney scoring system (0=none, 1=slight, 2=mo-derate, and 3=marked). When the specimens were not prepared well enough to evaluate full-thickness gastric mucosa due to problems such as improper fixation, inaccurate orientation, and section inappropriateness, or whenever inflammation prevented a clear distinction between nonatrophic and atrophic phenotypes, samples were classified as "indefinite for atrophy". 17 All biopsies were examined independently by two experienced pathologists, who were unaware of the clinical history. In the event of disagreement, the biopsies were re-examined by these two pathologists until agreement was reached.
Helicobacter pylori testing
Among the above-mentioned 10 biopsy specimens, each from antrum and body was fixed in formalin, stained with were subjected to multivariate logistic regression analyses.
Although sex and FDR factors didn't show P＜0.2 in every analysis, they were entered to the model since they were considered to be important in this study. Model fits were assessed using Nagelkerke's R 2 test and Hosmer-Lemeshow goodness-of-fit tests. Mean age and mean values of histological grade of AG and IM in each group were analyzed using student t-test. Differences were considered significant when the P-values were ＜0.05. All analyses were performed using the statistical software package SPSS (version 18.0, SPSS inc., Chicago, IL, USA).
RESULTS
1. Baseline characteristics of study subjects Analysis of body was done in the same manner (Table 3) .
However, the results were neither consistent nor statistically significant. Histological grade is according to updated Sydney scoring system (0=none, 1=slight, 2=moderate, and 3=marked).
FDR, first degree relatives of gastric cancer. 
Association of other environmental factors with the presence of atrophic gastritis and intestinal metaplasia
To evaluate the association of other environmental factors with the presence of AG and IM, the total population is sorted in the same manner used in the analysis of H. pylori infection with the presence of AG and IM (Table 4) (P=0.03). There were no statistically significant association of current income and education with AG and IM.
Presence of atrophic gastritis and intestinal metaplasia according to age
The total population is put into age groups of 5-year showed more than 30% prevalence in ages above 61 years.
Multivariate logistic regression analysis of risk factors of atrophic gastiritis and intestinal metaplasia
Although FDR and sex didn't show P＜0.2 in every analysis, they were entered into the model since they were considered to be important in this study. In both AG and IM, age and H. pylori infection had considerable impacts. In antral IM, spicy food diet showed significant association.
FDR did not show significant association with AG and IM ( Table 6 ). However, considering that FDRs showed stronger association with both antral AG and IM in male population, multivariate regression analysis in male sub-group was executed (Table 7) . There was a significant association with OR of 2.69 (P=0.037) between FDRs with antral IM.
DISCUSSION
The latest meta-analysis of the same topic which included only age-sex matched population studies showed that to controls. 19 The reason why family history is an independent risk factor of premalignant lesions of GC is because GC has been attributed to shared socioeconomic environments and genetic traits. Regarding the latter, we have shown that TGFB1-509 TT genotype might be one of the culprits. 20 As FDR is considered to be a risk factor of premalignant lesions of GC and GC itself from above studies, we anticipated to get similar results from our study. However, in our study, significant result was found only in male subpopulation analysis that FDRs had increased risk of antral 
